AD 7145564

AMC-TR-79-28

AIR FORCE MISSILE DEVELOPMENT (ENTER
TECHRICAL REPORT

CALIBRATION AND CHART &

Hans J. Resmussen

This document has been clezared
for pubiic release and szle. Its
distribution is ualimited.

- C,./
July 1970

HOLLOMAN AIR FORCE BASE
NEW MEXICO

Reproduced by
HATIONAL TECHNICAL
iNFORMATION SERVICE

Sonnghield, Va. 22151

K 4."\\‘




OF THE RAIN SIMI

BN

l\-

-

9
ra

» '.'
"e
r
-
M:




oy s 21

ORI

iy, kot

Saiarh

T

-
e

Py

.

2
s ct
Ho.iomaz AFB "‘;

charting density

and to orovvce deta
rain fieid by means of !

'-'x

his Cua"‘lnc effo
become availabdle

This technical report

P

e obiective of this report is to pr ts
erailons c¢n rain simulation under field condii
elected technical featares of the rain si

FOREWORD

some general consid-
to discuss
imulation facility at the

v-vé-
=]
1Y

Track which are relevar: to calibrating and

fﬁ oplet size distributior of the simulated rain,

tailed glocsery of terms needed {or charting the
the Z1RI! rain counter. Data obiained through

11 3
rt «ill be publishecd in separate reporis as they

P

.

R TR L DR I KA

Ghefath  honsd A A S LB RATG L AATAL MM IV Mok blan e RIS TTLY RN

TR VPPV EVET N ATT ) 4

kst ok 2R EAT SRV AR G IS WL h s ORI L Chataiatra RO et ¥ AL

PO A R Pl el IIT MAIA BRI AR L T

PR NS T R R PR L R TS

ZETASYN SN L2 R e AT et



a

) 2

e et N

Ty i

T

T

T
o oA

"

ABSTRACT

Somre basic considerations governing

rain erosion testing on the
Holloman AF¥B Test Track are presented,

and the ~guipment used
for generatling artificial rain is described to the extent relevant to

charting the rain fielé. Some character:stics governing application

of the IITR! ra2in counter are discussed and the analysis of data

obtainerw by this instrument is outlined.
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lLiquid water content -- total mass of water
droplets dispersed in one cubic meter of
air space

Specific liquid water content

Optical volume setting magnification)
1:8,1:5,1:2

n: = 7.5 flashes per second
Nurnber of droplets of size range i in one
cubic meter of air space counted during one

specific time increment M

Mean number of dreplets per size range i,
averaged over n samgles of duration M each

Percent of total liquid water content con-
tributea by droplets of size range i

Rain rate

Accumulation rate of simulated rzin

Time increment for each sample; unless
otherwise specificaliy specified 5t = 10 sec
Terminsal velocity of rain droplets of diameter i

Raw number of droplets of size range i counted
in sampling volume Vg per timie increment At

Raw number of droplets x; corrected for edge
errors

Xi sorr = Xe * f (zo0r7)

Variation coefficient -- standard deviation of
droplet counts in size range i over n individual
samples, as fraction cf{ mean
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A. Introduction

The purpose of rain erosion testing on the track is to study the
erosive effects of extended supersonic or hypersonic flight through
rain clouds on material samples and components of weapons and
aerospace systems, and to qualify flight hardware for this flight
environmeant, The Test Track at Holloman AFB, NM, provides a
canability for this kind of testing simulating a wide variely of combina-

tions between specified rain environments and specified flight con-
ditions.

There are two basic options for providing realistic test conditions
as far as the rain environment is concerned. One possibility is to
duplicate the natural environments, the effects of which are to be
studied. The alternate approach is to provide simulated rain environ-
ments and to define similarity parameters correlating the effects of
the simulated rain environment to the effects of the ccrresponding

natural rain. Track testing deals exclusively with the second of these
two approaches.

A short review of some essential parameters used in rain simula-
tion is given in reference 1. In erosion testing the basic criteria for
the rain per se are the total number and the size of the droplets which
the sled-borne test item intercepts while moving through the rain field
and the correlation of this number with representative natural rain
environments or specified rain conditions. The dominating rain field
parameters are, therefore, the rain density (also referred to as
concentration). i.e., the total number of rain droplets in a specified
reference volume, and the particle size distribution, i.e., the detail

breakdown into the fractions of this total number which are contributed
by particles of the various sizes.

The rain rate, i.e., the depth of water accumulated per unit time
on a specified horizontal surface area (usually expressed in millimeters
or inches per hour), is a widely used criterion for natural rain phen-
omena, The accumulation rate of the artificial rain is, on the other
hand, only of very limited value for describing simulated rain conditions,
because only the rain density, and the droplet size distribution, not the
terminal velocity of the individual droplets are duplicated. Since, how-
ever, the velocity of the falling rain droplets is, as a rule, by several
orders of magnitude smaller than the velocity of the test system (sled
including payload), rain erosion testing on the track involves no pri-
mary requirement for duplicating this parameter. Therefore, the
accumulation rate of the simulated rain is used mainly as a criterion

for the uniformity of different sections of the rain field, not as an
environmental crizerion.
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The liquid water content (LWC); i. e., the total mass of liquid water
oresent in the reference volume, is, in connection with the sled velocity,
sometimes used to define the kinetic energy of a given rain environment.

Considerable care is, however, needed in using the liquid water content
as a criterion for rain erosion testing. It is a meaningful gquantity only
in connection with the droplet size distribution, because the identical
LWCs can be produced by droplets of very different size distribution.
Conceivably, all water in the reference volume could ke existing in one

large drop, making LWC a meaningless quantity.
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Natural rains of identical rain rates show considerable variations in
droplet size distributions, and a rain observed, e.g., in the Arctic,
may have very different characteristics from a rain of similar rate
in the tropics. To arrive at a common denominator for defining test
conditions, the relationship between rain rafe and particle size distri-
bution presented in the chapter on precipitation, clouds and aerosols of

VOB LN eyt

ot

SRR A

{E the Handbook of Geophysics and Space Environments (reference 2),

; equations 5-3 and 5-4, is used for correlation purposes. The attached
¥ Figure 1 represents this relationship in the form

§

: . 2265.3-AD particles

i N, = / D i

: exp \_,_ 078 TE) f? * size range (mm)

H R

t with LD mm size range

3 D mm mean particle diameter

per size range

Trer el KRS

R mm/h rain accumulation rate
N it S mod™ number of particles in the
size range AD present in one
cubic foot of the reference
volume at any particular
instant of time

The variability of droplet size distributions in natural rains for
identical accumulation rates between different locations, seasons, etc.,

suggests the use of the standard defined by the Handbook of Geophysics
within rather wide tolerances.

\‘ To realistically simulate a specified natural rain for test purposes,
\ it is necessary to simultaneously duplicate both the droplet size distri-
: bution and the rain density. In track testing, the total number of droplets




intercepted by a test object is limited by the fixed length of the track.
For some applications, it is possible to “"compress’ distance, i.2., to
simulate flight through a larger cloud, by increasing the rain density:
i.e., by increasing the number of droplets intercepted in the zveilable
length whiie keeping the particle size distribution constant within
acceptable tolerances. It is realized that the validity of this procedure
is not generally accepted, because it disregards secondary eifects,
e.g., material relaxation times, which may become important at very
high test speeds. However, for a number of applications, a capability
to duplicate a given particle rize distribution over a range of rain den-
sities is consicdered advantageous.

For quantitative evaluation of rain tests, it is highly important to
define the characicristics of the simulated rain environment for various
operational conditions, e.g., various type nozzles, different discharge
pressures, etc., to experimentally determine the influence of side wind
components on the droolet size distribution, and to establish the cut-off
wind velocities above which the droplet size distribution is no longer
acceptable for test purposes. This information is compiled and updated
by systematic charting of the rain field. A previous attempt to arrive
at a rain field calibration by optical means (reference 7) before the rain
counter became available was unsuccessful because of inadequate
equipment.

B. Rain Field Characteristics

The equipment for generating simulated rain at Holloman AFB,
NM, is located on a 6000 foot section of the Test Track. The basic
layout of this system is presented in detail in reference 3. A schema-
tic cross section is shown in Figure 2. The simulated rain is supplied
by spraying sections, each 400 feet in length. There are 15 of these
400 foot sections on each side of the track, located 9 feet from the
centerline of the west rail. Each section contains 50 spray heads spaced
8 feet apart. The spray heads are mounted on 5 foot risers consisting
of 1.315 o.d. aluminum pipes. The spray heads are attached to the
risers by quick discr anect mounts for easy interchange. In the 400 foct
sections, water is distributed through 4 inch (o.d.) a2luminum irrigation
tubing (riser feed line), which in turn feeds the individual 1.315 inch
diameter risers.

The 400 foot sections are supplied with water from 6 inch (o.d.)
main lines, consisting of aluminum irrigation pipes, on each side of
the track. These 6-inch mains are fed through a T-type connection
located at the mid-point of the rain area. The length of the mains
from the center to the end is 2800 feet. A cut-off valve and a pressure
regulator valve are located in the connecting pipes between the 6-inch

3
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£oraying sectiun are norezlly onothe full open VWhen less than
the entire ¢ ("5 teet nf the ra n environment s reguired, the appropriate
number of 100 (oot sections are skt off by closing these gates.

For the test, the by-pass is (losec and the water supply to the main lines
opened. If requirec for centroi of the mzin iine pressure, the system
can 21so be operatec with the by-pass sartialliy open.

The flow regulators at the enirance to each 400 foot section are

designed o sei, adjast and nionitor the discharge pressure at the spray
nozzles and with it the flow rate through these nozzles at 2 preselected
value. anc to keep this valu> c-astant within = 0.5 psig independent of
upstream pressure i{luctuations, and of leaks in the system upstream or
downstream of the regulatcr. This requirement is fulfilled by the use of
remote signal operated regulators in which the valve position is conirollied
by a spring-loaded diaphragm rece its conirol signal (reference pres-
sure) from a poini downst ream of the regulator at which the pressure is
equivalent to the discharge pressure ai the individual spra - nozzies

except for the static pressure head due to the elevation of the spray
nozzles above the $-inch diameter riser {eed line, and for -- usually
negiigible -- pressure i0sses in the feed line and the riser. The ref-
erence pressures of ail 30 individual $400 {ooi sections are measured and
remotely displayved in tne rain field blockhouse. They can be selected

at any value between > and 15 psig.

vin

i

©
>

Before the current regulators were installed, the rain system was
equipped with directly operated control valves for each 400 foot section.
In these valves a spring loaded diaphragm controlled the valve nosition.
The diaphragm received its control signal (reference pressure) from a
reference point immediately downstream ot the regulating gate. This
instriment, if working properly, kept the static pressure at its refer-
ence point constant. It kept, however, the flow rate constant cuniy for
a given set of downstream conditions and changed the flow rate through
the nozzles any time the downstream conditions were changed, for instance,
due to leaks. This system was abandoned in favor of the currently
installed regulators. In selecting the current system, it was also con-
sidered that the requirement for a constant rain rate could not be ful-
filled by rate of flow controllers of conventional type, because these
instruments keep the flow throuagh the regulator, not through the nozzles,
constant: and leaks eveloning downstream must necessarily change the
rain rate produced by the spray nozzles.

3
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current sysier croduces 2 sztisiactory rein envirgament over the west
rail oniy 2t very low cross wingd velccity components which restricts this
kinc of tests to "no wind  con<diticns, an< leads 10 severe cperafionz!
restrictions in rain orc¢sion test programs. Cmne of the me2’cr cbiectives
fTeld charting efforts is 1o arrive 2t numerical Zziz on the
s 1 L

irzack wine velscities whica can de foierziecd witho:i

terminzi velociiv characieristic for patural rainid, the time <uring whickh
they are sudjected to the infiuence of the winc is relatively long. Another
probiem is intreduced by ine inherent cross velocity componeats of the
dropleis apgroaching from both sides of the field (Figure 21. They are
insignificant for erosion testing t : ind sensitivizy

of the system. Whi
lets simply fo one s

[

from the leeward sile are

r
o
— 0

their flight path than the ©
from both sides “mix, and
even under fairly small side =»ind components

One approach to reduce the wind sensitivity of the simulated rain
consists of enclosing the system in a tunnel-like structure to eliminate
the wind influence completely, or at least tc reduce its magnitude by
use of track-side wind fences or comparable structures. This possi-
bility is being investigated, however, no practical results are available
yet. Another approach is to "widen the field to such an extent that
even a "shi™ by several feet under side wind wiil still provide an
acceptable “roplet size distribution above the rail. A third approach
consists of aecreasing the time during which the individual droplets are
subjected to the wind.

t

Reducing the wind sensitivity by “widening’ *the cross-track
dimension of the rain environment such that even vnder the maximum
allowable cross wind component, the droplet density and dropiet size

(S 2]
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Test Track by the I1lipois Institute of Technology.
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Eugene Aueiler, Nlinois State Water

niversity of Illinois. The results are reported and
r

Basically the rain counter is an elecironic device to measure
(1) the total number of water droplets, (2) the distribution of droplet
sizes in a defined reference volume by means of an electronic scanning
technique. This instrument employs a vidicon viewer. The size of
each water droplet is estimated from measurements of the number of
vidicon scan lines intersecting the drops, and an analytical correction

is applied to the rcadings to correct for edge errors.

Depending on the optical volume setting (magnification), tre
instrument detects and categorizes droplets in the diamster size

categories shown in Table 1, which is identical to Figure 13 in

reference 4.
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iz The optical volume Y. is cetermined by the sampling cross
section & and the hooc setfting K, (see Figure 4. The sampling
y cross section for the three opticzl voiume settings are:

WAG R A - 2087 xR 28Y - Y bl om

LAG R w2 LLRTE x 20130 - £ 7225 0T
3 MAGC 2: A= LefTx 7RI - (3344 4m
?".
3 The depth of the ontical celnmne is determined by thr hinod sefting k.
: : Its maximum value is !t inches: hewever, 2s 2 rule, 2 smeller valte
3 is selected, and 2 neod setting of i, = £ inches has reguenily been
s i o t
® 2 set of Ccropleis to
E: ™ 3

¢ achieve this objec-

7 3 noving droplei has o be large enough

E to move oui of the fieid of view .n less than 1 7.7 sec, regardess of

its direciion. Assuming motion in 2 slane perpendicular to the rail only.
5 the minimum <Zroplet velocity has to be:

in cise of vertical {z2ll:

5 Vi, = 2.873 - 7.3 = 21.%¢ in'sec = 1.& it sec

. In case of a transverse velociiy component causing motion along the
longest possible (diagonal) flight path:

E Vi = 7.5+ /2,875 - 3.281% = 32. 718 in/sec = 2.72¢ it/sec

E Assuming

the unlikely case of motion along a diagonal of the optical
volume (6 inch hood setting):

Voo = 7.5+ /2,875 + 3.281% + 6% = 35,64 in/sec = 1.64 ft/sec

ot by bt oy

RS

E The optical volume is the air space covered by one individual

light
flash.

The sampling volume is defined as the volume of the air space
tested by the counter during one sample of duration 't at a flash rate of
n, = 7.5 flashes per second:
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VizA T h cn - For: A - 2.875 x 3.281 ir°
n: = 7.5 flashes/sec
:'!‘ = 6 in
't = 10 sec

V, - TCLT4036 0 - bl oin

vV, = 224206 in® = . 0cC36

The tota: number of samples {or each individual printout can be
selected according 0 specific test needs znd is, as a2 rule, governed
by statisticz! considerations relating the number of samples to specified
accepiable errors for various dro;:;et siz
volume settring of t

-

[}

ranges. In the optical
f counts per sample must be
ue to shielding of specific

Q
Iy
4]
(4
§
1y
0'
n, O N

g 1 . 3
kept below =00 6 2voicd excessive error
drops by others.

otical voiume seotiing 1 : 8§, the instrument categorizes
dizmeters between 1/+£ and £ millimeters. Its results

are available seconds afier completion of
esides data pertaining to the operation
of the instrument itsel?, the numbo of droplets observed in the refer-
ence volume in each of the croplet size ranges. An example of the
printout format is shown in Table 2.
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The device is mounted on a rail-bound carriage and can be used
at any fixed position along the track, or in an averaging mode by
moving along the track while sampling. The maximum forward

ty of the counter {assuming no wind) is limited by the condition
that none of the droplets is displaced to such an extent as to move out
of focus. This displacement will obviously affect the slow moving
droplets relatively more than the faster moving ones.

Assume the slowest moving droplets recognized by the counter
.25 mm dia) move vertically at their terminal velocity V; = 3,18 ft/sec
38.17 in/sec. They will travel the length of the vertical dimension
of the viewing volume in
2t === .075317 sec
t a counter speed of 1 ft/sec, they will be displaced by
s = .0753 x 12 = .9 inck

resulting in an angle

Tz arc tan == 5375 87' = arc tan . 313= 17.5 deg.
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At a forward speed of .5 ft/sec the displacement angle wouid be

.
PR 2 ]

~ =z arc tan———— =z arc tan . 156 =8 de
2.875 g

Since the forward velocity aads vectoriaily to any wind coraponent in
direction of counter motion, 't is somewhat arbitrarily concluded that
a2 counter velocity of 30 £/min (. 5 {t/sec) as used in previous cali-
brations is adequate.

For charting the rain field by means of the rain counter, the
following four tvpes of data necd io be collected and recorded:

2. Rain Field Configurztion

{1) Nozzle tyne

2} Nozzle angular orientation with tolerances

(3) Nozzle arrangement geometry in case not all nozzles
are used (covered or not operated)

(4) Mean or characteristic example of height of nozzle exit
above

(2) Rail top surface
(b) Regulator reference point

for both W and E side of the portion of the rain field covered.
(5) Nozzle discharge pressure P, expressed in terms of
(2) Regulator pressure setting (psig)
(b) Static pressure head due to height of nozzle exit

cross section above regulator reference point (h,,., - ft)

b. Rain Counter Configuration

At sec Sampling time (as a rule At = 10 sec)

Optical volume setting (magnification)
unless otherwise specifically specified: 1 :8

h, inch Hood setting

MRS AR T A - ae




Z .nch He:ght of center of sampling cross section

z2bove top surface of rail

Y inch Lateral displacement of center of sampling
cross section from rail center (Y,,,, or Y, .)
c. Ambient Conditions
v, ft/sec Wind velocity and wind direction during test;
for: mph preterably taken both at 2 point moving along
or: knots) with the counter and at ground-fixed wind
recording sta.ions.
3 T °F Air temperature at time of test
P in Hg Barometric pressure at time of test
2 HU %% Relative humidity of free air (not affected by

simulated rain)

£ d. Data Outputs

7 oAb lidy

V. ft 'min Moving velocity of the counter alang rail
(or: ft/sec)

! 5 Lo

3 Z ft Length of pass along track covered by the
3 counter to be recorded in terms of
(2) Track stations between which the counter
B moved during test
{b) Total distance covered by counter in case
e a section of track is covered going back and forth
: (c) Number of samples of curation At each
E taken during this pass.
-
X, Rain counter printouts
, RAC inch/h Accumulation rate of simulated rain measured
mm/h at a ooint moving along with the rain counter
b in about the same positiocn with respect to
3 height above rail and lateral displacement from
rail center as the sampling cross section.
10
3
3
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The data analysis of the rain counter readings is performad by
means of a computer program developed by Dr. Eugene Mueller of the
University of Iilinois, which was adapted to a CDC 3600 computer
avaiiable at Holloman AFB and slightly modified to meet more closely
the specific needs of charting the Holloman AFB rain field.

The individual printouts of the rain counter, showing the number
of droplets X. counted for each size range are corrected for edge

errors by analyticai means. The statistical considerations on which

this cerrection is based and the equations are outlined in detail in
reference 4.

As a basis for comparison with other data, the droplet counts
Xy for each particular size range are, after applying the edge error
corrections, referred to an airspace of one cubic meter, and the
droplet counts printed out for each sample are defined as

: _—“—‘Vs {droplets/nt)

For a physical interpretation of this reference volume in terms of sled
run parameters, assume a test item of circular cross section of
diameter d is moved along the track over a distance £ = 1000 ft,
sweeping a cylindrical volume of length £ and cross section d&&7/4, ©

cor
this cylindrical volume to be one cubic meter, the diameter of the
circular cros: section is

i= \|7 -2 with £ = 1000 ft = 12, 000 inch
' V=1m2=z 61,024.04 inch®

_—6112,2§6844 2 . 2.545 inch
The numbers of droplets counted in each specific droplet size
range during subsequent samples show a considerable spread due to
various influences; the most significant of which are variations in local
cross wind components, inaccuracies in nozzle alignment, and manu-
facturing tolerances of the discharge cross sections of the individual
nozzles. Since during erosion tests, a test item is moved along the
length of the rain field, these local fluctuations tend to average out.
The mean of the number of droplets per size range, averaged over a
large number of sampies n while moving the counter along a specified
length of travel along the rail is therefore used as a representative
figure for the number droplets intercepted by an erosion test item

11
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sweeping a corresponding distance of the rain field. This mean for
each droplet size range is expressed as

= ‘.z dropiets
: )
n m

and denotes the number of droplets of size range i which a circular test
itam of d = 2.5+ inch diameter can be expected to intzrcept under the
conditions prevailing during the test while moving a distance of 1000 ft
through the simulated rain.

An indication of the spread of the individual sample counts around
this mzan is afforded by a variation coefficient, which is defined 2s the
standard deviation of the numbers of droplets counted in the individual
sampies as fraction of the mean:

~ -
< =

2| |

For erosion testing, the liquid water content of fne simulated rain
field is sometimes of interest. In the following the liquid water content
(LWCQC) is defined as the mass of all water droplets dispersed in one
cubic meter of air space. The specific liquid water content LWCyis
intended to mean the mass of all droplets of one particular size range i
dispersed in an airspace of one cubic meter. Expressing the LWC in
terms of rain counter readings yields:

P T BN v AD Y
L‘VC5 - o.'i :\5 12 -'\Di = 2/ + '\ Di + 2. J

For many purposes it is also useful to know the percent of the total
liquid water content contributed by droplets of a specified size range i:

LWC,
PLWC, (") = Ty 100

12
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This term also allows defirition of the mass median diameter D.,,,

a quantiity frequently used by nozzle manufacturers to characterize

the droplet distributions produced by different type nozzles. The
mass median diameter is the droplet diameter defined by the condition
that half of the LWC is contributed by dropleis of larger, half by
droplets of smaller diameter than D,_,.

Natural rain usually is characterized by the rain rate, expressed
in mm/h, i.e., the height of 2 column of water which would be accum-
ulated above a specified area parallel to the ground if the rain pre-
vailed for an hour. In natural rain all droplets are falling at their
terminal velocity, while in simulated rain, the height of fall is as a
rule insufficient for the droplets to reach their terminal velocity., The
measured accumulation rate of the simulated rain, RAC, is therefore
always lower than the rate of a natural rain having identical liquid
water content and droplet size distribution. For correlation between
a rain environment determined by the rain counter and a comparable
natural rain, a corresponding rain rate RA is defined and calculated
in the data evaiuvation. It is the rate at which the simulated rain would

accumulate on the ground if all of its droplets were at their terminal
veloc ity:

f=4

- r
RA = (LWC, - Vi) —go—

] m- ¢ secC

5.5

1 =4
= 3.6+ ; (LWC1 ¢ VT:) mhrl

For purposes of this rain rate evaluation, the terminal velocity
of the drain drops is calculated by the equation of Clark and Moyers
which fits the Gunn and Kinser data (reference 6).

Vi = -Co+ GD - C,DP+ GD® - C,I*
with G, = 27.128 D cm droplet diameter
C = 5,223.06
G =11,075.7 Vi cm/sec terminal velocity
Cy=11,115.0
< Vi (cm/sec)
C, = 4,688.4 Ve fi/sec ~30.48

Examples for the droplet size ranges covered by the rain counter are
shown in Table 3 and in Figure 5, reference 1.
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3 TABLE 1
DROPLET DIAMETER SIZE
CATEGORIES FOR
& RAINDROP ANALYZER
E Printer Number Droplet diameter range, mm
2 channel of Optical volume setting
E numbker scan lines 1:2 1:5 1:8

2 5-10 0.01-0.11 0.15-0.45 0.25-0.75
& 3 11-16 0.11-0.21 0.45-0.75 0.75-1.25
3 4 17-22 0.21-0. 31 0.75-1.05 1.25-1.75
z 5 23-28 0.31-0.41 1.05-1.35 1.75-2.25
6 29-34 0.41-0.51 1.35-1.65 2.25-2.75
7 35-40 0.51-0.61 1.65-1.95 2.75-3,25
9 8 11-46 0.61-0.71 1.95-2.25 3.25-3.75
9 47-52 0.71-0.81 2.25-2.55 3.75-4,25

TABLE 2

SAMPLE OF RAIN COUNTER
DATA PRINTOUT

- Number of droplets Mean

E Data Size range diameter
3 Channel counts mm mm

1 TR e : -
E I 9 003 ; 4.25.,., 3.75 4

3 \ 8 003 ! 3.75 ... 3.25 3.5

: .7 606 : 3.25 ... 2.75 3

, | 6 027 X 2.75 ... 2.25 2.5

¢ 5 080 ; 2.25 ... 1.75 2

7 4 190 ' 1.75 ... 1.25 1.5

2 3 198 , 1.25... .15 1

s 2 292 : 75 ... .25 0.5

e 1 008 . Optical volume setting 1:8

L ¢ 010 ! Sampling time 10 sec
; TTTTTTTT ot T Tmmme e

4
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TABLE 3

TERMINAL VELOCITY OF RAINDROPS
3 (Examples, based on equation
by Clark and Moyer)

v}
<

mm cm/sec ft/sec_

881. 34 28.91
.5 850. 38 27.90
805.12 26, 41

158

741. 77 24, 34
655. 88 21.52
1.5 542,27 17.79
1 395.07 12.96
0.5 207. 67 6.814

.
(W N oW W
wn

0.25 96. 70 3.181
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= 100
: . DROPLET DIAWSTER RANGE
. (mm}

1.25-1.75

NUMBER OF DROPLETS PER CUBIC FOOT

i I

]llll L 1 irl‘flf

: 0l 10 .0
RAIN ACCUMULATION RATE  INCHES,”HOUR

E FIGURE 1. DENSITY DISTRIBUTION OF WATER DROPLETS (N A STEADY RAIN
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